The authors characterised sources of early warning messages about occurrences of Rift Valley fever (RVF) and examined the response measures that were used by the Department of Veterinary Services (DVS) to manage the 2006-2007 RVF outbreaks in Kenya. The study was conducted between November 2009 and March 2010 and it included national, provincial and district veterinary officers who were involved in the management of the outbreak. Structured questionnaires were used to collect the data. Although the majority of the respondents reported having limited capacity to implement response measures, they perceived that the measures implemented were effective. Vaccination, movement control and market closures were the main response measures implemented, particularly in districts that had cases in both livestock and humans. Vaccination, however, was implemented too late and the coverage achieved was too low to be effective. The authors suggest ways to improve the capacity of the DVS to respond to similar outbreaks in the future.
Introduction
Rift Valley fever (RVF) is a mosquito-borne viral zoonosis that mainly affects sheep, goats, cattle and camels. Humans become infected following either a bite from an infected mosquito (5) or intensive contact with acutely infected animals, or by handling infected tissues (4) . The disease occurs as explosive outbreaks characterised by high perinatal mortality. Adult animals exhibit moderate mortality accompanied by high rates of abortion (4) . During outbreaks, the disease also impacts on the livelihoods of livestock keepers through closure of livestock markets and bans on livestock movement and slaughtering. The disease was first characterised and the causal virus isolated in Kenya in 1931. By 2007, 11 national RVF epizootics had occurred, with the 2006-2007 outbreaks being the most extensive (18) . Spillover of infections to humans resulted in approximately 700 reported RVF cases in the country (17) . It has been estimated that RVF-induced losses during the 2006-2007 outbreaks amounted to over 2.1 billion Kenyan shillings (USD 32 million) and extended to various stakeholders in the marketing chain (19) .
In the Greater Horn of Africa, RVF outbreaks are closely linked to the El Niño/Southern Oscillation phenomenon (2) . These outbreaks often occur in irregular cycles transboundary animal diseases. The questionnaire consisted of four sections. Section I focused on background information on the respondent, including his or her responsibilities. Section II concentrated on information about the 2006-2007 RVF outbreak, including the timing of early warning notification relative to the commencement of the outbreak, and the response measures undertaken. Perceptions of response capacity and effectiveness of RVF control measures were assessed using Likert questions that used a five-point scale. The that can range between five and 35 years (12) . In the 2006-2007 outbreaks, the Government of Kenya, through the Ministry of Health and Department of Veterinary Services [DVS]), with assistance from nongovernmental organisations (NGOs), implemented surveillance and emergency response interventions that included vaccination of livestock using a live attenuated vaccine, quarantine and slaughter bans, vector control, and distribution of bed nets and insect repellents to protect humans from coming into contact with RVF vectors (6) .
An epidemiological assessment conducted after the 2006-2007 outbreaks indicated that there had been a delayed response to the outbreaks and that some of the contingency measures implemented, for example, vaccination, did not achieve desired levels of effectiveness (14) . The present study assessed how the DVS accessed early warning messages and analysed the perceptions of DVS staff regarding their capacity to implement response measures. The study also examined the effectiveness of the measures implemented during the outbreak. The authors identify institutional interventions that could be implemented to improve responses to future RVF outbreaks.
Materials and methods

Selection of the respondents
The study was conducted between November 2009 and March 2010 and involved a total of 59 senior veterinary officers in the DVS. These included: -six officers based at the DVS headquarters who coordinated the implementation of emergency response measures at the national level -all seven Provincial Directors of Veterinary Services (PDVSs), (except Nairobi province, the location of the DVS headquarters)
Districts were purposefully selected from each province on the basis of exposure. The districts chosen were those that reported RVF cases in either livestock or humans in the 2006-2007 outbreaks or those that had had cases in the past. Table I shows the distribution of the districts used in the survey by province.
Development of the questionnaire
The questionnaire used in the study was developed and pre-tested with five veterinary officers based at the DVS headquarters who were experienced in the control of points used were: 'strongly disagree', 'disagree', 'neutral', 'agree', and 'strongly agree'. Capacity questions assessed: -level of preparedness for RVF prevention and control -ability to implement mass vaccination campaigns -ability to implement quarantine measures -ability of stock owners to accurately identify cases of RVF.
Effectiveness questions analysed perceptions on the levels of success attained with:
-information provided to the public on how to manage the disease -emergency vaccination -quarantine measures -market closures.
For the response questions, a combination of positive and negative capacity questions was used to avoid bias. However, for the effectiveness questions, all the statements that respondents were asked to agree/disagree with were framed negatively (e.g. 'Market closures for RVF prevention and control implemented were not effective'). As this type of question requires the respondent to think a little more it is a useful strategy for preventing agreement bias. Section III of the questionnaire investigated the measures that were implemented in response to the RVF scare in 2008, while Section IV probed whether the officers used an RVF Decision Support Tool (RVF DST) that had been developed by RVF major stakeholders in East Africa after the 2006-2007 outbreaks and made available in 2008 (8) .
Administration of the questionnaire and data analysis
Questionnaires were sent to each respondent by ordinary post. Follow-up telephone calls were made shortly after to verify whether each respondent had received the questionnaire and understood the instructions that had been provided. They were asked to fill out the questionnaires and post them to their provincial headquarters from where they would be collected by the research team following verification of the accuracy of the information given. -length of time the respondent had been in the current office (< 2 years as opposed to > 2 years).
Districts were also classified on the basis of whether or not they were affected by the 2006-2007 outbreaks (yes/no) and if they received early warning of RVF outbreaks (yes/no). The level of significance used for this analysis was 90%. The proportional odds assumption for each model was tested by comparing log likelihood estimates of the ordered logit and multinomial logit models were run with the same variables using a likelihood ratio test (11) . Models that did not satisfy the assumption were reanalysed as logistic regression models after collapsing the outcomes into binary variables (agree versus neutral and disagree).
Results
All the respondents contacted agreed to participate in the survey. There was a good response to the questions in all sections except for Section III (see below). This was probably because an outbreak of RVF did not occur in 2008 despite the early warning signals that were given at the time.
Characterisation of the respondents and their administrative units
Respondents did not respond to all questions in the questionnaire. Therefore, in the following descriptive analysis, the denominator indicates the number of respondents to the particular question, whereas the numerator indicates the number of those who provided relevant answers. Given the design used for the survey, 78.0% (46/59) of all respondents were DVOs. A large majority (76.3%, 45/59) of all respondents performed administrative duties only, while others performed both administrative and field activities (23.7%, 14/59). Most of them (86.4%, 51/59) had unlimited access to the internet where they could access information on livestock diseases. Overall, slightly over half of the respondents (54.4%, 31/57) had been operating from the stations where they were interviewed for more than two years. In addition, a large majority (72.7%, 40/55) of the respondents indicated that the stations where they operated from had been in existence for more than two years. A large majority (92.9%, 52/56) of these stations maintained a rumour register to log suspect cases, with all respondents at the district level maintaining and updating the registers. (Table III) .
Responses to early warnings of the 2006-2007 Rift Valley fever outbreaks
Capacity for and effectiveness of response and control measures
Distribution of Likert scores Table IV gives the response distribution of perceptions to the eight Likert items, consisting of four statements each on capacity and effectiveness. In general, most of the respondents indicated that they were not sufficiently prepared for RVF prevention and control. They also revealed that movement control measures were not implemented satisfactorily. Slightly more than half of them also did not think that farmers could accurately identify RVF cases. Responses to the question on vaccination were more or less evenly balanced between agree and disagree options.
Respondents perceived that market closures and movement control measures were effective in preventing further outbreaks of the disease. Slightly more than half of the respondents thought that vaccination was effective in preventing the disease. Responses to the question on communication for RVF prevention and control were also balanced between agree and disagree options (Table IV) . Table V presents the results of univariable analysis using each of the four capacity Likert items as outcome variables. Similar analyses were done using Likert items on effectiveness of interventions, but results were not tabulated because statistically significant associations were not found.
Univariable analyses
Respondents who felt that they were not sufficiently prepared for RVF prevention and control had access to the internet, operated from stations that were more than two years old or had experienced the 2006-2007 outbreaks in their areas. Unlike DVOs, PDVSs and respondents who operated from the national offices felt that vaccinations were implemented well. In addition, respondents who neither received early warning messages nor kept rumour registers felt that quarantine measures were implemented well. None of the independent variables were significantly associated with respondents' perceptions regarding stock owners' ability to identify RVF cases. Two of the respondents collected samples for laboratory examination, both of which proved to be negative on reverse transcriptionpolymerase chain reaction at Kabete Veterinary Laboratories, Nairobi. Livestock movement bans were implemented by 13.6% (8/59) of respondents in response to these warnings even before laboratory results were received.
Responses to warnings of predicted Rift Valley fever outbreak in 2008
Rift Valley fever decision support tool
Only 10.2% (6/59) of the respondents received the RVF DST (8) . Two of these were from the national office, while four came from Lamu, Taveta and Mombasa (Coast province) and Thika (Central province) districts.
Discussion
With the global climate change, the frequency and severity of RVF outbreaks are expected to increase in the Horn of Africa (16) . This implies that countries in this area need to improve the existing response systems as one way of In Kenya, most of the endemic and epidemic sites of RVF are in a few arid and semi-arid lands (ASALs) where the DVS is expected to play a greater role in service delivery. This is because 88% of the private veterinary practices are located in the high agricultural potential areas (23) as there are fewer incentives for private veterinary providers in ASALs (10) . A large proportion of the veterinarians interviewed in this study had been in their stations for less than two years even though most of the stations had been in existence for more than two years. This signifies a relatively high staff turnover, which is likely to have an impact on the quality of services provided in RVF endemic and epidemic sites. Vian et al. (21) have observed that the ability of a health service to offer quality services depends largely on there being a stable human capacity. High staff turnover rates compromise the establishment of institutional memory and effective networks with clientele and other stakeholders such as NGOs. In addition to interventions that have been developed by the DVS to enhance staff retention, there is a need to devise 'onehealth' programmes at multiple administrative units. Such programmes would, for instance, allow community nurses and medical practitioners to work regularly with the DVS personnel to carry out surveillance and implement emergency responses.
These results support previous observations that early warning messages that preceded the 2006-2007 RVF outbreaks were given at very short notice. Not all districts, including those that were later affected by the outbreak, received them (Table II) . The global climate surveillance and response organisations first became aware of a possible increase in the risk of RVF in mid-September 2006 when unusually heavy rains were forecast for later in the year (3). They alerted FAO and the World Health Organization (WHO), which immediately forwarded the warning to their representatives in at-risk countries; a consolidated warning was subsequently issued in November 2006 (13) . In light of this, the respondents' reports of receiving early warnings in September could not be verified. The existing RVF forecasting models (which mainly rely on climate and mathematical models) ought to be improved so that reliable predictions are obtained early enough for governments to implement preventative measures, including community sensitisation. Options for improving the existing models include promoting research that seeks to increase the frequency/precision of climate predictions (i.e. seasonal predictions rather than mediumterm forecasts). Early warning systems which additionally include non-climatic factors, such as disease surveillance and changes in animal migration patterns or land use, should also be utilised for effective RVF control. There are reports that failure to include nonclimatic factors can lead to incorrect predictions or attribution of disease occurrence to climatic changes only (24) .
The DVS headquarters and EMPRES-i were the two most common sources of early warning information, with the former being the main source. This is not surprising because, at the time, Kenya had a unitary government with a centralised management structure. Some PDVSs and DVOs were also aware of EMPRES-i, which uses official information furnished by the World Organisation for Animal Health (OIE) (of which Kenya is a Member State), as well as other sources such as technical projects, consultancy missions or personal contacts. Most officers interviewed had access to the internet, yet a majority of them still relied on the DVS headquarters for early warning messages. While there is a need to strengthen the role that the DVS headquarters plays in information dissemination, each PDVS and DVO should be encouraged, by a deliberate state institutional approach, to access and act on web-based information systems such as EMPRES-i directly instead of relying on the DVS headquarters. Nearly all districts currently have the required infrastructure for setting up internet facilities.
A large number of districts maintained rumour registers but it did not appear that the registers were used for tracing RVF cases. The responses indicated that suspect cases were not observed until November 2006, yet a study that was implemented by Jost et al. (14) indicated that stock owners from north-eastern Kenya observed the first suspect case in October 2006. This indicates that either stock owners did not report suspected cases to the veterinary department, or, veterinary officers ignored reports that they received. In fact, most of the officers testified that they did not believe that stock owners could reliably identify RVF cases. However, Jost et al. (14) found that Somali pastoralists in north-eastern Kenya could accurately describe the disease and identify risk factors associated with RVF, probably because they depended on livestock for their livelihoods. Personnel involved in conventional disease surveillance must recognise that the level of knowledge on RVF is expected to vary between communities depending on exposure and livelihood practices. Participatory surveillance that recognises stock owners' knowledge as being reliable (given that they have sufficient experience of the disease and good livelihood practices) is, therefore, expected to be more sensitive and potentially more useful in integrated disease surveillance systems. Additionally, considering that CAHWs are part of the same communities that accurately identify cases and accompanying RVF epizootic indicators (14) , there are opportunities to strengthen capacity for early outbreak detection by placing greater emphasis on systematic RVF awareness-raising programmes and retention of institutional memory. In addition, most of the herders currently own mobile phones, which also can be harnessed for disease surveillance purposes. were effective yet regarded their capacity to implement the measures as inadequate (Table IV) . It has been suggested that countries targeted for the 2006 early warning did not benefit from these warnings because they were given at such short notice that contingency plans could not be implemented promptly enough (13) . Similarly, some of the measures, such as vaccination, were implemented late (14) when the outbreak had started waning, possibly creating a mistaken perception that these interventions were effective.
The vaccination coverage estimated by this study was too low for the establishment of effective herd immunity. Adequate RVF vaccination coverage for the establishment of effective herd immunity is not currently known but, epidemiologically, herd immunity is assumed to be achieved if actual vaccination coverage exceeds the critical vaccination coverage (pc) where pc = (1−(1/R o )) and R o is the basic reproduction number (1) . Although the magnitude of R o does not necessarily oscillate in proportion to the intensity of epizootic transmission, an R o of, for instance, 2 generates pc of 50%. Reported actual vaccination coverage for all livestock species was largely less than the critical vaccination coverage over a wide range of R o . It is, however, understandable that it is a big challenge to implement vaccination campaigns in the course of an RVF outbreak, because flooding impairs transport (14) . Some of the measures that can be implemented to improve vaccination coverage and hence effectiveness include ordering vaccines much earlier so that vaccination can be done before flooding occurs, subcontracting vaccination to private providers and involving CAHWs in vaccination campaigns. In Morocco, for example, sub-contracting vaccination programmes to the private sector reduced vaccination costs by 34% and increased the proportion of animals vaccinated from 52% to 66% (10) . In certain South American countries, the public and private sectors synergistically participated in the eradication and control of foot and mouth disease on the continent in the mid-1980s (9).
The live attenuated Smithburn vaccine that was used during the outbreak has safety limitations owing to its residual virulence (15) . There is a need for safer vaccines of equivalent or greater efficacy than the Smithburn vaccine.
A live attenuated vaccine with improved safety (Clone-13 vaccine) has been produced and is currently being field tested. However, more comparative studies on the safety and efficacy of RVF vaccines (22) 
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